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SUMMARY.-Effects of heating and fasting, both alone and associated, have
been studied in normal and Sarcoma 180 bearing mice. Heating reduced body
weight and tumour mass and increased body temperature. Fasting reduced
body weight, while tumour mass and body temperature were slightly affected.
By associating heating and fasting a more marked decrease ofbodyweight was
produced thanbyeach ofthe two factorsinvolved, while effects onbodytempera
-
ture and on tumour mass were unchanged with respect to heating alone.
6-mercaptopurine was similar to heating in reducing body weight and tumour
mass.
SEVERAL clinical and laboratory reports, which have been reviewed by
Cavaliere etal. (I967), indicate that infections with concomitanthighfevermaylead
to disappearance of tumours in cancer patients; they also provide some evidence
relating these findings to the liability in vitro of cancer cells to high temperatures.
The study of tumour growth in animals maintained at high temperature led
to contrasting results. Vidal (I911) observed that mice bearing transplanted
tumours survived longer when they were maintained at elevated than at room
temperature, while Glaser and Austin (1969) reported no statistical difference
between tumourweights of mice maintained at 33-5 or 22-5' C. Our experiments
were aimed at investigating in greater detail the influence ofhigh temperature on
mice bearing Sarcoma 180 and comparing the effects ofheating with the effects of
fasting and 6-mereaptopurine.
MATERIAL AND METHODS
Female CFI mice, 50 days old, were used and kept isolated throughout all the
experiments. Pieces of solid Sarcoma 180, weighing about 35 mg., were sub-
cutaneouslyimplanted in theinterscapularregion. The two largest dimensions of
the tumours were determined and the products ofthese two numbers were used as
anindexoftumourmass,accordingtoLiebeltandLiebelt(1967). Indexoftumour
mass has been found to be roughly correlated to tumour weight expressed in g. Animals were usually kept at a temperature of 22' C. Experiments were started
7 days following implantation of Sarcoma 180.
Mice showing no tumour growth were discarded and homogeneous groups of
mice were prepared according to the tumour mass. Body temperature was
measured by an Ellab apparatus, mod. TE 3, inserting the thermocouples 3 cm.
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The influence of the following factors, on both normal and Sarcoma 180
bearing mice, was studied:
(a) Heating. HeAingtestswereperformedbychangingtheroomtemperature
according to the following scheme: 3,5'C. on the Ist and 2nd days;
36' C. on the 3rd and 4thdays; 37' C. on the 5th-14thdays; 32' C. on the
15th day; 28' C. on the 16th day; 26' C. on the 18th day; 22' C. on the
following days.
(b) Fasting. Fasting tests were performed by depriving animals of food,
but not ofwater, every secondday for 14days.
(e) Heating andfasting associated. Mice were submitted at the same time to
heating and fasting, according to the above described procedures.
(d) 6-mercaptopurine. Thedrug wassubcutaneouslyinj'ecteddaily, for 7days,
away from the tumour implantation site. The compound was suspended
in 0-5 per cent methylcellulose and its concentrations were adjusted in
order to give a volume of 10ml./kg. Control animals received the same
volume of a 0-5 per cent methyleellulose suspension.
The significance of results was assessed according to the Student's t test.
RESULTS
Table I illustrates the effects ofheating on Sarcoma 180 bearing and normal
mice.
Heating produced a significant inhibition of both body weight and tumour
mass in Sarcoma 180 bearing mice.
In normal miceheating affectedbodyweight to a lesser extent than in tumour-
bearing animals.
TABLE I.-Effects ofHeating on Sarcoma 180-Bearers and Normal Mice
Tixne in weeks
A
t
0
55
25-29
±0-39
0- 71
±0-02
55
25- 71
±0-32
0- 71
±0-02
17
25- 70
±O
- 73
17
25- 70
±0-64
1
54
26-35
+0-37
1-25
±0-07
53
23
-32*
+0-22
0-85*
±0.05
17
25- 32
±0- 66
13
23- 62
+0-59
2
54
28-35
±0-47
2-43
±0-20
43
22
-95*
±0-34
1-25*
±0.15
17
26-11
±0-59
3
52
31-64
±0-63
4- 74
±0-43
40
27-51*
±0-37
2-08*
±0-28
17
26-47
±0- 72
4
52
36-04
±O-91
7
- 73
±0-70
40
31
- 73*
±0- 58
4-36*
±0-58
17
27- 73
±0- 67
A
Beaxers of
Sarcoma 180
. No. of mice .
Body
weight
Index of
tumour mass .
. No. of mice
Body
weight
Index of
tumour mass .
. No. of mice .
Body
weight
. No. of mice .
Body
weight
B
Bearers of
Sarcoma 180
submitted to
elevated
temperatures
c
Normal mice
D
Normal mice
submitted to
elevated
temperatures
9 9 9
22-23* 25-39 26-34
±0- 70 ±0- 63 ±0.70
Means + SE are given.
Group B was compaxed to group A, and group D to group C.
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TABLE II.-Effects ofFasting on Sarcoma 180-Bearers and Normal Mice
Tinie in weeks
A
0
46
26-43
±0-36
0- 72
±0-02
46
26-04
±0-33
0- 72
±0-02
17
25- 70
±0- 73
17
25- 70
±0- 76
1
46
27
-30
±0- 35
1-32
±O-09
46
22
-66*
±O-34
I-Olt
±0-08
17
25
-32
±O-66
17
20
-OP
±O-51
2
46
29-53
±0-50
2
- 60
±0-24
46
27-01*
±0-45
2-13
±0-23
17
26-11
±0-59
17
24-35$
±0- 60
3
44
33-01
±0-64
4- 81
±0-51
46
31
-05*
±0-51
4- 58
±O
- 50
17
26-47
±0- 72
17
25-29
±0- 64
4
44
37-02
±0-94
7
- 70
±0- 81
46
35- 65
±0- 83
7-98
±0- 85
17
27
- 73
±0- 67
17
26-94
±0- 61
A
Bearers of
Sarcoma 180
B
Bearers of
Sarcoma 180
submitted
to fasting
c
Normal mice
D
Normal mice
submitted to
fasting
. No. of mice .
Body
weight
Index of
tumour mass .
. No. of mice .
Body
weight
Index of
tumour niass .
. No. of mice .
Body
weight
. No. of mice .
Body
weight
Means + SE are given.
Group B was compared to group A, and group D to group C.
*P < 0-001.
tp < 0-01.
tP < 0-05.
TABLE III.-CombinedEffects ofHeating andFasting on Sarcoma 180-Bearers
and Normal Mice
Time in weeks
A t
0
28
26- 75
±0-45
0- 76
±0-03
28
26-55
±0-40
0- 76
±0-02
17
25- 70
±0- 73
1
28
27
-32
±0-46
1-36
+0-10
27
21
- 18*
±0-34
0-86*
±0-07
17
25-32
±0-66
2
28
28-87
±0- 71
2
-50
±0-28
24
22
-97*
±0-48
1-21*
±0- 18
3
26
32
- 73
±O-95
5-02
±0- 68
24
28
- 10*
±0- 52
2-33t
±0-42
4
26
36-94
±1
-34
7-88
±1-05
24
32
-50t
±0-84
4-75t
±0- 77
A
Bearers of
Sarcoma 180
. No. of mice
Body
weight
Index of
tumour mass
. No. of mice
Body
weight
Index of
tumour mass
. No. of mice
Body
weight
. No. of mice
Body
weight
B
Bearers of
Saxcoma 180
submitted to
heating
and fasting
c
Normal mice
17 17 17
26-11 26-47 27-73
±0-59 ±0- 72 ±0- 67
D
Normal mice
submitted to
heating and
fasting
17 15
25- 70 19-51*
+0- 67 +0-52
12
20
-47*
±0-52
12
25-26
+0- 78
12
27-43
±0- 67
Means ± SE are given. Group B was compared to group A, and group D to group C.
*P < 0-001.
tp < 0-01.
TP < 0-05.19
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Table II illustrates effects offasting on Sarcoma 180bearing and normal mice.
Tumour-bearers presented, under the influence of fasting, a more evident
decrease of body weight than of tumour mass. Fasting produced a significant
decrease ofbody weight also in normal mice.
Table III summarized results obtained by studying the combined effects of
heating andfasting intumour-bearing and normal mice.
Heating and fasting reduced both body weight and tumour mass.
Bodyweight was decreasedby-the combined effects ofheating andfasting also
in normal mice.
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Fig. I summarizes results of the above experiments in connection with effects
on tumour mass ofheating and fasting, both alone and associated.
Plotting ofresults clearly shows that the antitumour activity ofheating is not
enhanced by simultaneous fasting of animals.
To study indeeper details the influence ofheating andfasting onbodyweight,
a number of experiments were duplicated by conducting daily determinations
instead of weekly ones. Fig. 2 compares the curves of body weight in normal
mice submitted to heating andfasting, both albne and associated.
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FiG. 4.-Effects ofheating andfasting, both alone and combined, onbody temperature ofnormal
mice. Each group consisted of 17 mice.
Inagreement with datapreviouslypresented, both groups submitted toheating
or fasting present a decrease ofbody weight. By combining heating and fasting
a more marked effect is observed than with either ofthe two factors alone. With
respect to weekly determinations, the daily ones provide additional information
o-nly in the case offasting, whose effects present markeddaily variations.
Fig. 3 illustrates the curves ofbodyweightdaily determined intumour-bearing animals submitted to heating and fasting, both alone and combined.
Both groups submitted to heating or fasting presented a decrease of body weightwhich, however, quite contrary to that observed in normal mice, isparticu- larly evident under the influence ofheating. By combiningheating andfasting amore marked decrease of body weight is observed than under the influence of
eitherfactoralone. Inthisexperimentalso,theperformingofdailydeterminations
appears to furnish relevant information only in the case offasting.
Fig. 4 illustrates the curves of body temperatures recorded in normal mice
submitted to heating or fasting, both alone and associated.
Heating produced a hyperthermic response, which was substantially similar
when fasting was associated with heating. Fasting alone produced, particularly
at the beginning of the experiment, a hypothermic reaction every second day
corresponding to withdrawal of food.
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Fia. 5.-Effects ofheating and fasting, both alone and combined. on body temperature of
Sarcoma 180-bearers. Each group consisted of 17 mice.
Fig. 5 compares the curves ofbody temperatures recorded in tumour-bearers
submitted to heating or fasting, both alone and associated.
Results obtained are substantially similar to those recorded in normal mice.
Table IV.illustrates effects of6-mercaptopurine on Sarcoma 180-bearing mice.
The treatment was given daily for 7 days. The results obtained show that at
both the doses of 5 and 20 mg./kg. s.c., thedrug reducedbodyweight and tumour
mass. With the higher dose more than half of the animals died during the
experiment.
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TABLE IV.-Effed8 of6-Mereaptopurine on Sarcoma 180-Bearer8
(The drug wa8 given dailyfor 7 daY8)
Time in weeks
0 2 3 4
Controls No. of mice 19 19 19 19 18
Body 24- 73 26- 61 29
- 76 33- 76 38
- 86
weight ±0- 25 ±0- 64 ±0- 97 ±1-21 ±1-85
l[ndex of 0- 72 1-38 3-61 6- 73 10-14
tumour mass ±0-02 ±0-12 +0-41 ±0- 70 ±1-07
6-mercaptopurine No. of mice 19 19 19 19 19
5mg./kg. s.e. Body 24- 34 24- 74 27
-26§ 29
-34t 32
-76t
weight ±0-42 ±0-54 ±0-58 ±0- 71 ±1-26
Index of 0- 72 0-951 1-61* 3-02* 5-20t
tumour mass 4-0-02 ±0-13 ±0- 29 ±0- 62 ±1-03
6-mercaptopurine No. of mice 19 18 10 9 9
20 mg./kg. s.c. Body 25- 13 22
- 75* 23
-85* 26
-55* 28
- 88*
weight ±0- 54 ±0-59 ±1-04 ±0-91 ±0-87
Index of 0- 72 0.59* 0-62* 1.10* 2-04*
tumour mass +0-02 ±0-06 ±0-14 ±0- 28 +0- 63
Means ± SE are given.
*P < 0-001.
tp < 0-01.
tP < 0-02.
§P < 0-05.
DISCUSSION
The main results of these experiments have been summarized in Table V.
TABLE V.-Summary of Main ReSUlt8 Obtained in Normal and Tumour-
Bearing Mice
Normal mice Tumour-bearing mice
Body Body
Bodyweight temperature Tumour mass Body weight temperature
decrease increase inhibition decrease increase
Heating + ++ ++ ++ ++
Fasting + +
Heating and fasting + + + + + + + + + + +
Heatingofnormal micereducedthebodyweight andproduced anhyperthermic
reaction. Tumour-bearers presented, under the influence ofheating, a reduction
of tumour mass increase, a hyperthermic reaction and a more marked decrease of
body weight than normal mice. Fasting reduced the body weight to the same
extent in normal andtumour-bearing animals. Moreoverfasting did notproduce
any hyperthermic reaction and its antitumour activity was slight and of short
duration. By associating heating and fasting, a summation of effects has been
observed at the level ofbody weight decrease, while the hyperthermic and anti-
tumour activity ofheating was unchanged.
On the whole, these results demonstrate that heating possesses an antitumour
activityandprovide someindicationregardingitssignificance. Inthisconnection,
the following data must be taken into account. Fasting reduces body weight, while its effects on tumour mass areinsignificant;byassociatingheatingandfasting
a more marked inhibition ofbodyweight is observed than the two factorsisolated,EFFECTS OF HEAT AND FASTING ON SARCOMA 180 157
while the antitumour and hyperthermic effects are unchanged with respect to
heating alone. These data demonstrate that heating produces a much more
specific antitumour effect than would beexpected from anagentpossessing a toxic
or inhibitory action on both tumoral and physiologic mechanisms; moreover
they provide some support to the hypothesis that the antitumour activity of
heating is related to its hyperthermic effects.
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